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ABSTRACT  
 
Two nearly homogenous 60 acre watersheds near Heber, Arizona, within 
the Apache-Sitgreaves National Forest, were burned at moderate and high 
severities during the 2002 Rodeo-Chediski wildfire.  Each watershed had 30 
permanent plots located on it from earlier studies.  In 2011, nearly 10 years 
following the fire, the plots were re-measured to determine how fire severity 
affects the long term vegetative recovery of this ecosystem; specifically 
herbaceous production and tree regeneration and density.   
Canopy cover, litter depth, herbaceous weight, herbaceous cover and 
shrub cover are vital indicators of herbaceous production, and were found to be 
significantly different between the sites.  Canopy cover and litter depth were 
found to be significantly higher on the moderate site while herbaceous weight, 
herbaceous cover and shrub cover were found to be significantly higher on the 
high site. 
Tree densities of the three present tree species, ponderosa pine, alligator 
juniper, and gambel oak, were measured and divided into five size classes to 
distinguish the diversity of the communities.  The mean densities for each species 
and size class were analyzed to determine if there were any statistically significant 
differences between the sites.  Ponderosa pine saplings (regeneration) were found 
to have no significant differences between the sites.  Juniper and oak saplings 
were found to be significantly higher on the high site.  The remaining four 
ponderosa pine size classes were found to be significantly higher on the moderate 
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site while the remaining four size classes for juniper and oak were found to have 
no statistical differences between the sites. 
Further analysis of the tree proportions revealed that the ponderosa pine 
species was significantly higher on the moderate site while juniper and oak were 
significantly higher on the high site.  Species specific proportion analysis showed 
that the ponderosa pine size classes were significantly different across the sites 
while the juniper and oak size classes showed no significant differences between 
the sites.  Within the ponderosa pine size classes, saplings were found to be 
significantly higher on the high site while the remaining four classes were 
significantly higher on the moderate site. 
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INTRODUCTION 
In June 2002, the Rodeo-Chediski wildfire burned over 462,614 acres 
across public, private and reservation lands along Arizona’s Mogollon Rim.  Due 
to fire’s exclusion since the late 1800’s and an extended drought, the area had 
exceptionally high levels of flammable fuels and record low levels of moisture in 
the biomass.  Two separate fires, the Rodeo Fire which was started by arson near 
the town of Cibecue on June 18
th
 and the Chediski Fire which was started as a 
signal fire near Chediski Peak on June 20
th
, merged on June 23
rd
 to become the 
Rodeo-Chediski Fire.  Following the merger, the Rodeo-Chediski Fire quickly 
became a catastrophic inferno causing the long term evacuation of over 30,000 
people, destroying nearly 500 homes and structures, and significantly disrupting 
natural ecosystems.   
On July 7
th
 the fire was fully contained and suppression costs were 
estimated to be over $43.1 million (Morton 2003).  In 2002 alone, over $19.9 
million was spent by the Forest Service and the Bureau of Indian Affairs for 
emergency stabilization treatments (U.S. Forest Service Healthy Forest Initiative 
2003).  Over $2.8 million of that was spent on reseeding (Morton 2003)  which 
was largely ineffective and washed away by the above average rain storms that  
quickly, and commonly (Moody 2001, 2009), follow large scale fires (Ffolliott et 
al. 2011).  Factors influencing the overall costs of wildland fire suppression and 
rehabilitation are starting to be looked at more closely (Liang et al. 2008) as land 
managers strive to become more fiscally responsible with predictions of larger, 
more common, fires in the future.  
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The Rodeo-Chediski Fire destroyed established seed banks, existing 
vegetation and natural ecosystem functions.  The fire burned in a mosaic pattern, 
typical of Southwestern ponderosa pine forests, of mixed severity depending on 
the fuels available and the ever changing weather patterns.  The majority of the 
fire was located on the Fort Apache Indian Reservation and burned north onto the 
Apache-Sitgreaves National Forest (ASNF).  The Rodeo-Chediski Fire is the 
second largest fire in Arizona’s recorded history. 
 
Historical Fire Regimes 
Historical ponderosa pine forest fire regimes generally consisted of low 
intensity, high frequency fires.  High intensity, low frequency fires did happen, 
but dendrochronological records show that they were rare and burned in a mosaic 
pattern (Swetnam 1999).  Pre-European settlement, local fire regimes were 
estimated to have a return interval of 2-8 years (Fulé et al. 1997).  Larger, regional 
scale, fire regime return intervals were estimated to be between 2-20 years 
(Swetnam and Baisan 1996).  However European settlers, as opposed to Native 
American Indians or other migrant individuals, began to significantly change the 
fire landscape around the year 1876 (Mast et al. 1999).  European settlers brought 
with them active fire suppression and livestock which ate the fine fuels needed to 
carry fire through the landscape.  The changing climate, due to cyclical patterns of 
heating and cooling, also resulted in a higher fire return interval (Moore et al. 
1999).  In 1997, Fulé suggested that we were currently operating on a modern fire 
return interval of more than 120 years.  This combination of settlement, 
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aggressive fire suppression, grazing and changing climate has led to a “fire 
deficit” as described by Marlon et al. (2012).  Many have suggested that we are 
going to see the natural system correct itself with a number of large scale 
catastrophic fires to make up for the lack of frequent and numerous low intensity 
fires.  Others argue that while large fires will become common, they reflect 
change in policy and fireline practices as well as favorable climate and 
backlogged fuels (Pyne 2008). 
Regardless, all point to recent fires such as the Rodeo-Chediski Fire 
(2002), the Aspen Fire (2003), the Cave Creek Fire (2005), the Schultz Fire 
(2010), the Horseshoe Two Fire (2011) and the Wallow Fire (2011) as evidence 
of the large fire phenomenon we will be seeing in the future.  Increasingly, fire 
managers seem to believe that they won’t be able to get ahead of this wave of 
large fires and that we must build our future forests out of this coming surge of 
large fires and the ashes they leave.  That perspective creates significant interest 
in understanding post fire rehabilitation and reconstruction.  This thesis is a 
contribution toward that understanding.   
 
Prior Research 
In 1972 two small watersheds were set up with permanent plots, including 
H-weirs and other instrumentation, on Stermer Ridge 8 miles south of Heber, 
Arizona, within the ASNF.  This was done as a joint endeavor between the 
University of Arizona’s School of Natural Resources (U of A) and the U.S. Forest 
Service’s Rocky Mountain Research Station (RMRS).  Ecosystem hydrology, 
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forest overstory and herbaceous production were studied on the watersheds from 
1972-1973 (Ffolliott and Baker 1977).  The sites were later mothballed and de-
instrumented in 1977.  During the Rodeo-Chediski Fire, one of the watersheds 
burned at a high severity (stand-replacing) while the other watershed was burned 
at a low to moderate severity (stand-modifying) as classified by Hungerford 
(1996).  Recognizing the unique opportunity to study the impacts of varying fire 
severities, U of A and the RMRS re-instrumented the watersheds and began 
monitoring the fire’s impacts on ecosystem resources, hydrologic functioning and 
flammable fuels for 5 years following the fire, 2002 to 2007. 
Short term monitoring of post fire recovery in Southwestern ponderosa 
pine forests is well documented; but long term monitoring projects are rare and 
therefore represent a great need in scientific knowledge.  Wildfire impacts on 
ecosystem functioning and tree overstory have been well documented (Allen et al. 
2002, Anderson 1989, Avery 1976, Kuenzi 2008, Campbell 1977, Harrington 
1987, Ice 2004, Moore 1999, McHugh and Kolb 2003, Neary 2005, Pearson 1972, 
Swetnam 1996).  However, this monitoring study, 9 years following the fire, 
represents one of the few long-term monitoring projects in the Southwestern 
region (Ffolliott et al. 2011). 
 
Current Research 
Although many vegetative and hydrologic functions of the watersheds 
stabilized within the 5-year study (Ffolliott et al. 2011), long term monitoring of 
post fire recovery is useful to define the lasting impacts of fire severity on 
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ecosystem recovery (Marlon et al. 2012); especially since a long term study does 
not include the effects of the nutrient flush that initially follows a fire.  
Characteristics such as herbaceous production, herbaceous cover, species 
presence, litter depths, overstory canopy cover, tree regeneration and tree density 
are all indicators of ecosystem health and recovery.  Determining how fire 
severity affects each of these characteristics is vital in helping us prepare and plan 
for the recovery of these ecosystems.  Fire severity directly affects the recovery of 
the ecosystem and therefore effects how post fire rehabilitation is best 
accomplished. 
A subset of the pertinent ecosystem characteristics that were originally 
measured by Dr. Ffolliott following the Rodeo-Chediski Fire in 2002 were 
measured in this study.  Overstory canopy cover, litter and duff depths, 
herbaceous weight, herbaceous cover and shrub cover were all measured as part 
of herbaceous production for the site and are included in the “Herbaceous 
Production” sections of this study.  Overstory canopy cover determines the 
amount of direct sunlight that makes it to the forest floor and therefore helps 
dictate the amount of herbaceous production in the area.  It is also interesting to 
see how the canopy cover has recovered following the fire and what role it might 
play in future crown fires.  Litter and duff depth measurements were measured as 
they can adversely affect the growth of vegetation.  They will also play an 
important role in future surface fires.  Herbaceous weight, herbaceous cover and 
shrub cover were measured to determine the productivity of the site.   
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Sapling regeneration and categorical tallies of the trees and their size 
classes were included in the “Tree Density” sections of the study.  Sapling 
regeneration is a vital indicator of the future trajectory of the recovery of the sites.  
Dr. Ffolliott (2011) stated that the restocking rate of the sites following the fire 
were not enough to maintain a ponderosa pine forest when they last measured the 
sites in 2006.  However, this long term study shows that tree regeneration has 
changed with the passing of time.  The categorical tally of the trees and species 
present on the plot will not only serve to illustrate the differences in hard wood 
vegetation between the sites, but also serve as bench mark measurements to be 
used in future long term monitoring studies of post fire vegetative recovery.    
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STUDY AREA 
The Stermer Ridge watersheds are located 8 miles south of 
Heber/Overgaard near the headwaters of the Little Colorado River along Forest 
Service Road 50 (Figure 1).  The two 60 acre watersheds are nearly homogeneous 
in soil type and topography with slopes generally not exceeding 10% and 
elevation ranging from 6800-7000 feet (2703- 2133 meters) (Figure2).  The soils 
are sedimentary soils classified as a fine, sandy loam texture in the McVickers 
series. 
Figure 1. Location of the Plots in Arizona 
A GIS rendering showing the location of the plots within Arizona. 
In 2002 following the fire, the moderate severity burn site (Figure 5), 
hereafter referred to as the moderate site, and the high severity burn site (Figure 
6), hereafter referred to as the high site, were classified by visual observations of 
the burned trees and remaining canopy cover (Ffolliott et al. 2008).  The soil was 
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also classified by a classification system relating soil resource response to the 
severity of the fire (Ffolliott et al. 2011, DeBano 1998, Hungerford 1996).  
Because of the inability to establish where the fire burned, a control site was not 
able to be established in close proximity of the two burned sites. 
 
Figure 2. Elevation View of the Plots 
A GIS elevation view of the plots showing the location of the plots in 
proximity to Heber/Overgaard and the Mogollon Rim, as well as the 
overall topography of the area. 
 
Most of the average annual precipitation of 20-25 inches comes in October 
through April (65%) as snow or low-intensity, long-duration rainfall (Figure 3).  
The remainder of the precipitation (35%) comes in July through September as 
high-intensity, short-duration summer storms.  Monthly precipitation averages 
show that 2011, the year this study was performed, generally fell below both the 
10 year average (2000-2010) and the 5 year average (2002-2007) of the prior 
study on the sites.  This is important to consider as this affects the herbaceous 
production on the sites, both for this study and that of Ffolliott et al. (2011).  The 
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month of July was a significant outlier and one of the few exceptions to this 
generalization. 
 
Figure 3. Precipitation in Heber/Overgaard Arizona 
The average monthly precipitation in inches recorded between 2000-2010, 
2002-2006 or the years of the Ffolliott et al. study, and 2011 the year of 
this study.  This data was compiled from the Black Mesa Ranger District 
in Heber/Overgaard Arizona. 
 
The 30 permanent plots (centered over sample points) were originally set 
in 1972 using a systematic sampling design with multiple random starts.  They 
were used to obtain baseline ecological and hydrologic data on ponderosa forests 
in sedimentary soils (Ffolliott and Baker 1977).  These sample points were 
recovered in 2002 for use in the 5-year monitoring study following the fire.  In 
2011, only 14 of the permanent plots were able to be located on the moderate site 
and 2-3 on the high site; although the location of the plots on the high site were 
not reliable because of salvage logging and other fuel reduction treatments done 
on the high site in 2006.  The template found in the existing permanent plots on 
the moderate site was used to reconstruct the plots on the remainder of the 
moderate site as well as all of the plots on the high site (Figure 4).  Because of the 
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severity of the burn on the high site, the salvage logging and fuel reduction 
treatments would have had a secondary impact on the area and it is safe to assume 
that the major disturbance would have been the fire and not the logging (Ffolliott 
et al. 2011).  
 
Figure 4. The Moderate and High Severity Burn Plots 
A GIS rendering of the two sites and the 30 plot locations on the high 
severity site (left) and the moderate severity site (right). 
 
The predominant tree species present before the fire were ponderosa pine 
(Pinus ponderosa), gambel oak (Quercus gambelii) and alligator juniper 
(Juniperus deppeana) with other grasses, forbs and shrubs typical of ponderosa 
pine forests (Ffolliott and Baker 1977; Ffolliott and Gottfried 2008).  The 
predominant species 9 years following the fire remained the same for the tree 
species but had an increase in the number of herbaceous and invasive species as is 
typical following a fire (See Appendix A) (Griffis et al. 2001, Hunter 2006).  
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Figure 5. The Moderate Severity Burn Site 
The moderately burned watershed; taken from the weir facing west or up ravine 
over the measured watershed.  Notice the nearly closed canopy, large amounts of 
litter and duff and the relatively sparse patches of herbaceous growth.  Photo by 
author. 
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Figure 6. The High Severity Burn Site 
The high severity burned watershed; taken from the H-flume looking south over 
the measured watershed area.  The highest number of downed trees lay in the 
ravine of the watershed as shown by this picture.  On the upper areas of the 
watershed there was less downed woody material.  Notice the missing canopy 
cover and living trees but also the abundant herbaceous vegetation.  Photo by 
author. 
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METHODS 
Sampling Design   
The sampling design was originally set to mimic that of Dr. Ffolliott’s 
(Ffolliott et al. 2011).  This involved a systematic sampling design using multiple 
random starts.  They placed thirty 9.6 ft
2
 circular plots centered over the plot 
markers for the herbaceous vegetation and 30 mil-acre plots centered over the plot 
markers for ponderosa pine sapling regeneration.  However, after further 
discussion and seeing the condition of the plots, we decided to modify the 
sampling design to techniques we felt would more accurately capture the 
variability of the vegetative differences in the sites.   
Because of the salvage logging and fuel reduction treatments that took 
place on the high site in 2006, we were not able to locate any permanent plot 
markers (a piece of rebar with colored flagging tied to it) that were intact.  
Throughout data collection on the high site we found several permanent plot 
markers but none appeared to be in their original location and therefore were 
unusable.  On the moderate site we were able to locate 14 of the original 
permanent plot markers used by Dr. Ffolliott et al.  We used these plots as a 
template for our between plot spacing on the line transects.  These plots were 
approximately 12.5 meters (41 feet) apart.   
We used the original 14 plot markers to start the first line transect on the 
moderate site.  Then we placed the remaining transects and plots using a 
systematic sampling design with multiple random starts.   Each site had a total of 
30 plots in 3 line transects that ran perpendicular to the main ravine of the 
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watershed.  Care was taken to ensure that both the upper slope vegetation and the 
lower slope vegetation (vegetation in the ravine) were measured.  We did not 
stratify the plots as there did not appear to be any obvious strata classifications 
needed.  For example, we did not see any vegetative differences as a result of 
slope position or other factors. 
I chose to use Daubenmire frames (20 x 50 cm rectangular frames) instead 
of the 9.6-ft
2
 circular plots used by Ffolliott for the herbaceous vegetation.  I was 
more familiar with this method and felt I could be more accurate in my estimation 
of cover using this technique (Bonham 2004).  Daubenmire found this method to 
be the most accurate form of measuring percent cover by reducing human error 
(Daubenmire 1959).  I also used 5 m x 25 m belt transects to measure tree density 
instead of the mil-acre plots used by Ffolliott because I was categorizing tree size 
as well as sapling presence.  I chose 5 m x 25 m belt transects because it was a 
long enough distance to capture the variability between the high site and the 
moderate site and yet maintain a manageable area to accurately visually monitor.   
At each plot we recorded general plot information which consisted of GPS 
coordinates, elevation data, position on the hill slope (upper, middle, lower) and 
the relationship of the plot to the weir.  This was done directly above the plot 
marker.  A picture of the plot inside the Daubenmire frame with the name of the 
plot on the clipping bag was also taken. 
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Herbaceous Production  
Canopy cover was measured using the mirror of a densitometer to measure 
the canopy cover directly over the plot marker.  This was always done by the 
same individual and facing north, although the directionality should not affect the 
percent cover.  Using the densitometer, we counted the number of squares that 
were full or mostly full of canopy cover.  This included squares that could be 
combined together to make full squares.  We then recorded this number and 
divided it by the total number of squares possible (24) to get a percentage of 
cover.   
Litter and duff depths were measured using two measurements that were 
taken in the corners of the Daubenmire frame.  The frame was placed along the 
transect line with the lower left hand corner either including or butting up to the 
plot marker.  The two litter measurements were taken from the upper left hand 
corner and the lower right hand corner whenever possible.  If this was not 
possible because of woody debris or rock, the litter measurements were taken 
along the two horizontal sides of the frame.  The measurements were always 
taken from opposite sides of the frame.  The measurements were done by digging 
a finger down through the litter and duff to the mineral soil while trying to disturb 
the litter and duff layer as little as possible.  A ruler was then inserted in the hole 
and the height from the mineral soil to the top of the litter layer was recorded.  
This was done twice per plot for a total of two measurements.  These 
measurements were then averaged together and this averaged figure was recorded. 
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Herbaceous cover was measured by placing the lower left corner of a 
Daubenmire frame either including or butting up to the plot marker, in the same 
position as above, with the long side of the frame running parallel to the transect 
line.  The percentage of cover by category was then visually estimated using the 
Daubenmire frame markings.  The categories included rock, bare ground, litter, 
woody debris, shrub and herbaceous material.  The percent herbaceous cover was 
then estimated by species within the frame.   
Herbaceous weight was determined by using the same Daubenmire frame 
from above to clip the living biomass rooted within the frame.  Pictures were 
taken of the individual plots with their name and then all of the living biomass 
rooted within the frame was clipped and bagged.  The biomass was clipped to 
within one quarter inch of the soil.  These bags were then air dried for several 
days while in the field.  Upon returning from the field, the biomass was then oven 
dried using Arizona State Universities’ (ASU) drying ovens to remove any 
remaining moisture.  The weight of the biomass and the bag were then recorded 
separately.  The total weight of the biomass was reached by subtracting the bag 
weight from the total bag and plant material weight.  A list of species present on 
the individual sites was also recorded (See Appendix A).  
Shrub cover was measured using the line intercept method as part of the 
larger tree plot (see tree plot description below).  A 25 m tape was run up ravine 
perpendicular to the transect line and 5 m to the right of the plot marker.  Along 
this 25 m tape we measured and recorded any shrub species that intercepted the 
tape.  This was done by walking along the 25 m tape and recording where the 
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shrub, or any foliage of the shrub, started and stopped overlapping the tape.  
These start and stop measurements were then calculated to produce the total 
amount of tape that the shrub intercepted.   
 
Tree Density  
Tree density measurements were taken using the belt transect method.  
Thirty belt transects on each site were used to measure tree and shrub species 
within the area.  The belt transects were rectangles 5 m x 25 m; 5 m along the 
transect line and to the right of the plot and 25 m up ravine and perpendicular to 
the transect line.  A 5 m tape was run to the right of the plot along the transect 
line.  Then a 25 m tape was run perpendicular to the transect line up ravine.  A 
third 5 m tape was laid parallel to the transect line back towards the plot marker 
making three sides of a rectangle.  The observer would then walk the remaining 
25 m leg of the rectangle back to the plot marker recording all of the trees, their 
species and their size classes, between them and the other 25 m tape (Figure 22 
and Figure 23).  We recorded the tree species and their size categories to 
coordinate with timber industry standards set forth by Smith and others (2004).  
Trees shorter than 24 inches tall were considered saplings (S) for our study.  It is 
safe to assume that these individuals germinated after the fire.  Trees were then 
organized into categories by diameter at breast height (dbh).  The four categories 
were: less than 6 inches dbh (<6”), 6 to 11.9 inches dbh (6-11”), 12-19 inches dbh 
(12-19”) and 20 inches plus dbh (20”+).  According to timber industry standards, 
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these are considered poles (6-12” dbh), small sawtimber (12-19” dbh) and large 
sawtimber (20”+ dbh) (Smith et al. 2004).   
My team and I spent a great deal of effort being as consistent as possible 
in our sampling method, design and execution.  I feel confident that we tried to 
minimize as much sampling error as possible. 
 
Statistical Analysis 
Because of the large variability between the plots, all of the statistical 
analyses used for the herbaceous production were non-parametric tests, or tests 
that do not assume a normal distribution.  SPSS and SigmaPlot software were 
used to analyze this data. 
 
Herbaceous Production 
Canopy cover, litter depth, herbaceous weight, herbaceous cover and 
shrub cover were all analyzed similarly to determine statistical differences 
between the sites.  Each category was tested for normality using the Kolmogorov-
Smirnov and the Shapiro-Wilk (Yazici and Yolacan 2007) tests.  Because of the 
smaller sample size (n=30), I depended on the Shapiro-Wilk score more heavily.  
If the Shapiro-Wilk significance score was greater than 0.05, it was determined to 
be a normal distribution.  However, if the score was below 0.05, it was 
determined that the distribution was not normally distributed.  I also used QQ 
plots to check for normality and heteroscedasticity.  However, I tended to rely on 
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the quantitative Shapiro-Wilk tests more to overcome my inexperience in judging 
the qualitative visual judgments required in QQ plots.  
Distributions of canopy cover, litter depth, herbaceous weight, herbaceous 
cover and shrub cover all failed tests for normality.  All of the data incorporated 
several zeros and was heavily skewed to the left.  Multiple attempts at 
transformations (natural log, 1- natural log, Log10) failed to normalize both sites 
of data.  The two sites were determined to be independent of one another.  
Therefore the means were compared using a distribution free Mann-Whitney U 
test to analyze the data at a significance level of 0.10.  This test is homologous to 
the two sample t-test in parametric statistics.  The herbaceous weight production 
was also converted to pounds per acre (lbs/acre).   
 
Average herbaceous weight (g) x 453.59237 = average lbs / 1000 cm
2
 
Average lbs/cm
2
 x 40,468.564224 = average production lbs / ac  
 
Tree Density 
 Sapling reproduction and tree presence consisted of categorical count data.  
I compared size classes and species across both sites.  The data was not normally 
distributed and failed the Kolmogorov-Smirnov and the Shapiro-Wilk normality 
tests.  I again relied more heavily on the Shapiro-Wilk test using 0.05 as the 
barrier for normality.  Transformations failed to normalize the data.  The data was 
analyzed using Mann-Whitney U tests at a significance level of 0.10 to determine 
if the means of the species and size class populations were the same across both 
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sites.  For example, the average number of ponderosa pine saplings on the 
moderate site was compared to the average number of ponderosa pine saplings on 
the high site.  Then the average number of juniper saplings on the moderate site 
was compared to the average number of juniper saplings on the high site.  This 
was done for each of the three species (pine, juniper, oak) and five categories of 
tree size; sapling (less than 24” tall), trees less than 6 inches at dbh (<6”), trees 6-
11 inches at dbh (6-11”), trees 12-19 inches at dbh (12-19”), and trees over 20 
inches at dbh (20”+). 
The categorical data was also translated into trees per hectare (ha) and 
trees per acre (ac) to align with past estimates of fuel loadings.   
 
Average # of trees x 80 = average # of trees / ha 
Average # trees / ha x 2.471044 = average # of trees / ac  
 
The total number of trees by each species was computed and translated 
into trees per hectare and trees per acre.  All of this calculated information was 
summarized in a table (Table 3). 
 
Total # of trees by species x 2.667 = total # of trees by species / ha 
Total # of trees / ha x 2.471044 = total # of trees by species / ac 
 
In addition to running Mann-Whitney U tests to determine significant 
differences between the means of the populations, I also wanted to test the 
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categories for proportional relationships between the sites.  I wanted to determine 
if the proportions (the number of individuals within a species size class divided by 
the total number individuals of the same species found on the site) of the 
categories were different between the sites.   
I first ran a Pearson’s chi-square test (X2) for homogeneity on the total 
number of trees for each species between sites to determine if there were any 
proportional relationships between the total numbers of trees per species across 
the sites.  I then ran a chi-square test, within each of the species, on the size 
categories.  This was done to see if there were any statistically significant 
proportional relationships between the size classes.  If any of the size classes were 
found to be significant, I ran a z-test within the size class to determine which size 
class(es) had significant differences between the moderate and high sites.  This 
was done at a 95% confidence interval with a significance value of 0.10. 
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RESULTS 
Herbaceous Production 
Canopy cover was significantly higher on the moderate site averaging 
82.36% with 9 plots recording 100% cover (p=1.45E-12) (Figure 7).  On the high 
site canopy cover averaged 0.69% with only one plot recording any canopy cover 
(Figure 8).   
 
Figure 7. Canopy Cover Mann-Whitney U Test 
Canopy cover frequency data, the number of times a percentage appeared, 
compared to the percent canopy cover. 
 
 
 
Figure 8. Average Canopy Cover 
Average percent canopy cover measured on the moderate and high 
severity burn sites. 
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Litter depth on the moderate site was significantly higher than on the high 
site (p=2.21E-8) (Figure 9).  The moderate site averaged 0.91 inches (2.3 cm) 
with a total of 27.25 inches (69.2 cm) across the entire site.  Litter depth on the 
high site averaged 0.07 inches (0.2 cm) with a cumulative total of 2.2 inches (5.6 
cm) across the entire site (Figure 10).  
 
Figure 9. Litter Depth Mann-Whitney U Test 
Litter depth frequency data, the number of times a measurement appeared, 
compared to the amount of litter depth in inches. 
 
 
 
Figure 10. Average Litter Depth 
Average litter depths measured in inches on the moderate and high 
severity burn sites. 
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Herbaceous production on the high site was significantly higher than on 
the moderate site (p=4.76E-9) (Figure 11).  The moderate site averaged 1.42 
grams (0.05 oz) per plot with a cumulative total of 42.72 grams (1.5 oz) for the 
site.  The high site averaged 8.49 grams (0.29 oz) per plot with a cumulative total 
of 254.78 grams (8.98 oz) for the site (Figure 12).  The moderate site on average 
produced 126.67 lbs/acre while the high site produced 757.45 lbs/acre. 
 
Figure 11. Herbaceous Weight Mann-Whitney U Test 
Herbaceous weight frequency data, the number of times a weight 
appeared, compared to the amount of herbaceous weight in grams. 
 
 
Figure 12. Average Herbaceous Weight 
Averages of the herbaceous weight in grams on the moderate and high 
severity burn sites. 
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Herbaceous cover was significantly higher on the high site than on the 
moderate site (p=8.53E-8) (Figure 13).  The moderate site averaged 10.73% 
herbaceous cover with the most prevalent cover type being litter, averaging 
68.67% (Table 1).  On the high site herbaceous cover averaged 41.5% with the 
next most prevalent cover type being bare ground with an average of 32.33% 
(Figure 14).   
 
Figure 13. Herbaceous Cover Mann-Whitney U Test 
Herbaceous weight frequency data, the number of times a weight 
appeared, compared to the amount of herbaceous weight in grams. 
 
 
Table 1.  Percent Cover Category Averages 
Averages of the five measured categories at each site: bare ground, litter 
and debris, woody material, shrub cover, rock and living herbaceous plant 
cover.  These were done using visual estimations within Daubenmire 
frames. 
Site Bare Litter Woody Shrub Rock Herbaceous 
Total 
Cover 
Moderate 5.67% 68.67% 7.33% 0.17% 7.00% 11.70% 100% 
High 32.30% 2.50% 11.83% 5.50% 6.33% 41.50% 100% 
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Figure 14. Average Herbaceous Cover by Category 
Average percent herbaceous cover by the five measured categories: bare 
ground, litter or debris, woody material, shrub cover, rock and living 
herbaceous plant cover.   
 
 
Shrub cover was significantly higher on the high site than on the moderate 
site (p=1.83E-9) (Figure 15).  The moderate site averaged 0% cover.  The high 
site averaged 1.73% cover or 17 inches (43.2 cm) over 25 meters with a 
cumulative total of 510 inches (1295.4 cm) for the entire site (Figure 16).
 
Figure 15. Shrub Cover Mann-Whitney U Test 
Shrub cover frequency data, the number of times a measurement appeared, 
compared to the amount of shrub cover in inches. 
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Figure 16. Average Shrub Cover 
Average shrub cover measured using the line intercept method on the 
moderate and high severity burn sites.  Fendler’s ceanothus (Ceanothus 
fendleri) was the predominant shrub species on both sites and the only 
species present in the high site measurements. 
 
Each of the above categories: canopy cover, litter depth, herbaceous 
weight, herbaceous cover and shrub cover, were all found to be statistically 
significant from one another at the 0.10 significance level using Mann-Whitney U 
tests. 
 
Tree Density  
Comparing the Means 
When comparing the means of the sapling populations using the Mann-
Whitney U test, only ponderosa pine (pine) was found to have no statistical 
differences between the sites (p=0.404) (Figure 17).  The alligator juniper 
(juniper) (p=0.006) and gambel oak (oak) (p=0.004) were found to be 
significantly higher on the high site than on the moderate site.  
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Figure 17. Ponderosa pine sapling Mann-Whitney U Test 
Ponderosa pine sapling frequency data, the number of times a number 
appeared, compared to the total number of individuals in the plots.  Of the 
saplings, only ponderosa pines showed no significant differences in the 
number of individuals between the sites. 
 
Ponderosa pine trees less than 6 inches at dbh (<6”) were found to be 
statistically higher on the moderate site (p=7.219E-9) (Figure 18).  Alligator 
juniper (p=0.378) and gambel oak (p=0.160) showed no significant differences 
between the sites.   
 
Figure 18. Ponderosa pine < 6” Mann-Whitney U Test 
Ponderosa pine trees less than 6” dbh frequency data, the number of times 
a number appeared, compared to the total number of individuals in the 
plots.  Of the less than 6” size class, only ponderosa pines showed 
significant differences in the number of individuals between the sites. 
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In trees 6-11 inches dbh (6-11”) ponderosa pines were found to be 
significantly higher on the moderate site (p=1.499E-8) while alligator juniper 
(p=0.317) and gambel oak (p=1.00) showed no significant differences between 
the sites (Figure 19).   
 
Figure 19. Ponderosa pine 6-11” Mann-Whitney U Test 
Ponderosa pine trees 6” to 11” dbh frequency data, the number of times a 
number appeared, compared to the total number of individuals in the plots.  
Of the 6” to 11” size class, only ponderosa pines showed significant 
differences in the number of individuals between the sites. 
 
In trees 12-19 inches dbh (12-19”) ponderosa pine was again found to be 
significantly higher on the moderate site (p=5.868E-5) while alligator juniper 
(p=1.0) and gambel oak (p=1.0) showed no statistical differences (Figure 20).   
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Figure 20. Ponderosa pine 12-19” Mann-Whitney U Test 
Ponderosa pine trees 12” to 19” dbh frequency data, the number of times a 
number appeared, compared to the total number of individuals in the plots.  
Of the 12” to 19” size class, only ponderosa pines showed significant 
differences in the number of individuals between the sites. 
 
The last category of trees, 20 inches dbh and larger (20”+), mimicked that 
of the other three tree categories; ponderosa pines were significantly higher on the 
moderate site (p=5.982E-5) while alligator juniper (p=1.0) and gambel oak 
(p=1.0) had no statistical differences between the sites (Figure 21). 
 
Figure 21. Ponderosa pine 20”+ Mann-Whitney U Test 
Ponderosa pine trees 20” and larger dbh frequency data, the number of 
times a number appeared, compared to the total number of individuals in 
the plots.  Of the 20”+ size class, only ponderosa pines showed significant 
differences in the number of individuals between the sites. 
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Ponderosa pine saplings showed no significant differences between the 
sites while the juniper and oak saplings were found to be significantly higher on 
the high burn site.  The following four size classes each shared a similar pattern; 
ponderosa pines were significantly higher on the moderate site while junipers and 
oaks were not statistically different (Table 2).  The total number of trees measured 
by size class (Figure 22 and Figure 23) and some calculations about each site are 
below (Table 3).  
Table 2. Tree Production Statistical Significance Summary 
Summary table of the statistical significance of the means of the populations by 
tree species and size classes between the moderate site and the high site. 
Size 
Classes Pine Juniper Oak 
Sapling 
Not Statistically Different 
(0.404) 
*Statistically Different 
(0.006) 
*Statistically Different 
(0.004) 
<6" 
*Statistically Different 
(7.219E-9) 
Not Statistically Different 
(0.378 ) 
Not Statistically Different 
(0.16) 
6-11" 
*Statistically Different 
(1.499E-8) 
Not Statistically Different 
(.317) 
Not Statistically Different 
(1.0) 
12-19" 
*Statistically Different 
(5.868E-5) 
Not Statistically Different 
(1.0) 
Not Statistically Different 
(1.0) 
20"+ 
*Statistically Different 
(5.982E-5) 
Not Statistically Different 
(1.0) 
Not Statistically Different 
(1.0) 
   
* denotes significance 
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Table 3. Tree Density Summary  
Summary of the statistics of the tree inventories on the moderately burned site and the highly burned site.  This table shows the 
average number of trees per acre/hectare that are expected to be seen from this data. 
 
 
3
2
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Figure 22. Moderate Severity Burn Site Tree Density 
The total number of trees measured within the belt transects on the 
moderate severity burn site by species and size classes. 
 
 
 
Figure 23. High Severity Burn Site Tree Density 
The total number of trees measured within the belt transects on the high 
severity burn site by species and size classes. 
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Comparing the Proportions 
 When comparing the proportions of total number of trees within a species 
between the sites, there was a significant relationship between the proportions of 
trees (Table 4).  Significantly more ponderosa pines were found on the moderate 
site while more juniper and oak were found on the high site (X
2
 value of 323.028, 
df=2, p≤0.001, α=0.10). 
Table 4. Chi-square Total Number by Species 
The results of the first stage chi-square analysis of the tree species (total number) 
compared to burn severity. 
    Pine Total Juniper Total Oak Total 
M
o
d
er
at
e
 Moderate Population (n) *447.00 5.00 49.00 
Expected Count 341.746 21.188 138.065 
Row % 89.222 0.998 9.780 
Column % 89.400 16.129 24.257 
Total % 60.982 0.682 6.685 
H
ig
h
 
High Population (n) 53.00 *26.00 *153.00 
Expected Count 158.254 9.812 63.935 
Row % 22.845 11.207 65.948 
Column % 10.600 83.871 75.743 
Total % 7.231 3.547 20.873 
  
Chi-square (ΣX
2) 323.026 
  Significance (α) <0.10 
  Significance (P) <0.001 
  Degrees of Freedom (df) 2 
 
  
 
         * denotes significance 
 
 The second stage of chi-square analysis was to perform three further chi-
square analyses on each of the three species.  The size categories within each 
species where compared between the sites to determine where the significant 
relationships lay.  The chi-square analysis on the ponderosa pines revealed that 
there was a significant relationship between sites when looking at the size 
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categories.  There were proportionally more saplings on the high site than on the 
moderate site.  The four other categories (<6”, 6-11”, 12-19”, 20”+) were found to 
be proportionally higher on the moderate site than the high site (X
2
 value of 
52.338, df=4, p≤0.001, α=0.10).  
 The second stage chi-square analysis on both the oak and juniper could 
only be performed on the three smaller size categories (S, <6”, 6-11”) due to zero 
individuals being counted in the two larger size categories (12-19”, 20”+) (Table 
5).  The juniper and oak analysis both found no significant relationship between 
the sites in terms of size classes.  The juniper analysis did show that slightly 
higher proportions of juniper saplings and 6-11” trees were occurring on the high 
site while junipers <6” were found proportionally higher on the moderate site (X2 
value of 1.155, df=2, p≤0.561, α=0.10).  Oak saplings and trees 6-11” were found 
to be proportionally higher on the moderate site while trees <6” were found to be 
proportionally higher on the high site (X
2
 value of 1.581, df=2, p≤0.454, α=0.10).  
However, these proportional differences were not significant.  Only the ponderosa 
pine showed statistically significant proportional differences between the sites.
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Table 5. Chi-square Species by Size Classes 
The results of the second stage chi-square analysis of the three species and the five size classes compared to burn severity. 
 
3
6
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 A third stage of analysis was done on the significant relationships found in 
stage two, the ponderosa pines (Table 6).  Z-tests were performed to determine 
which specific size classes showed significant differences in the proportions of 
individuals between the sites.  This was done on all five size classes of ponderosa 
pine at a 95% confidence interval and a 0.10 significance level.   
 Ponderosa pine saplings were found to be significantly proportionally 
higher on the high site (Z=7.064, P≤0.001, P(M)=0.403, n(M)=447, P(H)=0.925, 
n(H)=53, SE=0.0724, α=0.10) than the moderate site.  Ponderosa pines <6” were 
found to have significantly higher proportions on the moderate site (Z=4.199, 
P≤0.001, P(M)=0.376, n(M)=447, P(H)=0.075, n(H)=53, SE=0.0690, α=0.10).  
Ponderosa pines 6-11” were also found to be significantly proportionally higher 
on the moderate site (Z=2.705, P=0.007, P(M)=0.141, n(M)=447, P(H)≤0.001, 
n(H)=53, SE=0.0482, α=0.10).  Pines 12-19” were not found to have significant 
proportional differences between the sites (Z=1.098, P=0.272, P(M)=0.040, 
n(M)=447, P(H)≤0.001, n(H)=53, SE=0.0271, α=0.10).  Pines 20”+ also did not 
show significant proportional differences between the sites (Z=1.098, P=0.272, 
P(M)=0.040, n(M)=447, P(H)≤0.001, n(H)=53, SE=0.0271, α=0.10).  
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Table 6. Z-test of Ponderosa Pine 
The results of the third stage of analysis.  Z-tests were performed on the 
ponderosa pine size classes as they were the only species showing significant 
differences in the earlier stages of analysis.  Z-tests were done on the size classes 
between the two sites to analyze proportional differences.  
    
Pine  
S 
Pipo 
<6" 
Pipo 
6-11" 
Pipo 
12-19" 
Pipo 
20"+ 
M
o
d
er
at
e
 
Moderate Population (n) 180.000 168.000 63.000 18.000 18.000 
Population (n) 447 447 447 447 447 
Proportion (P) 0.403 0.376 0.141 0.04 0.4 
H
ig
h
 High Population (n) 49.000 4.000 0.000 0.000 0.000 
Population (n) 53 53 53 53 53 
Proportion (P) 0.925 0.075 <0.001 <0.001 <0.001 
  Z score (z) 7.064 4.199 2.705 1.098 1.098 
  Significance (α) 0.10 0.10 0.10 0.10 0.10 
  Significance (P) *<0.001 *<0.001 *0.007 0.272 0.272 
  Standard Error (SE) 0.0724 0.069 0.0482 0.0271 0.0271 
    
         * denotes significance 
 
Z-tests were not needed on either the juniper or oak as they did not show 
significant proportional relationships in stage two of the analysis.  However, to be 
thorough, I performed z-tests on these species to confirm the stage two 
conclusions of no statistically significant differences between the sites.  All of the 
z-tests correlated with the stage two conclusions and showed no significant 
proportional differences between the sites.  These results were not included 
above.  
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DISCUSSION 
Herbaceous Production 
Canopy cover, litter depth, herbaceous weight, herbaceous cover and 
shrub cover were all found to be statistically significant from one another at the 
0.10 significance level using Mann-Whitney U tests.   
Canopy cover on the moderate site was significantly higher (83%) than 
canopy cover on the high site (<1%).  This is partially expected as the fire that 
burned through the moderate site was largely a ground fire and burned less than 
30% of the canopies of the trees that survived the fire (Ffolliott 2008).  It is also 
expected as the high site underwent salvage logging and fuel reduction treatments 
in 2006.  Canopy cover would be the largest contributor to litter depth and 
therefore it is not surprising that the moderate site had significantly higher levels 
of litter depth (0.91 in / 2.3 cm) than the high site (0.07 / 0.2 cm).   
The amount of litter on the ground affects the amount of biomass 
production on the site.  We expected, and found, that the litter depths were 
inversely related with the amount of herbaceous production on the sites.  The 
moderate site averaged 1.42 grams (0.05 oz) and the high site averaged 8.49 
grams (0.29 oz).  Mullein (Verbascum thapsus) was the most prevalent forb 
component on both watersheds following the Rodeo-Chediski fire.  This is a 
common occurrence after a disturbance (Ffolliott et al. 2011).  However, in 2011 
almost no mullein was spotted on the moderate site.  This could be due to the 
closure of the overstory canopy or the increased litter and depth layers.  On the 
high site, the mullein still held a significant presence, mostly in the ravine, but it 
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was only found in one of the plots.  This plot was an outlier in the herbaceous 
weight category, being over 3 times heavier than the next heaviest plot.  However, 
I included the plot as it was representative of the area.   
Higher amounts of biomass production on the high site yielded a positive 
relationship to higher herbaceous cover on the high site.  Herbaceous cover on the 
moderate site averaged 11.5% with the next most abundant cover type being litter, 
averaging 68.67%.  Most of this litter was comprised of pine needles and fallen 
leaves.  This was expected and related to the higher values of canopy cover and 
litter depths associated with this site.  The high site herbaceous cover averaged 
41.5% with the next most abundant cover type being bare ground with an average 
of 35.93%.  This also relates to the litter depth measurements and was expected as 
the fire burned down to the mineral soil and there have been no falling debris 
from an existing canopy to replace cover on the ground. 
Shrub cover was similar to herbaceous production as it preferred less 
canopy cover and more bare ground, which was found mostly on the high site.  
All of the measured shrub cover consisted of one species, Fendler’s ceanothus.  
Although there were a few scarce individual bushes of Fendler’s ceanothus on the 
moderate site, none intersected one of the 30 transect lines (0%).  However, the 
high site averaged 1.73 %, or 17 inches (43.2 cm), of shrub cover.  Visual surveys 
of Fendler’s ceanothus on the high site seemed higher than 1.73% as the plant was 
very abundant.  However, it grew in patches which meant that 6 of the 30 
transects had 0 inches recorded for cover.  This brought the average amount of 
shrub cover down considerably.   
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 In Dr. Ffolliott’s (2011) study, the high burn site consistently had 
significantly higher amounts of herbaceous production; generally at least 3 times 
that of the moderate site.  This difference in production between the sites has 
grown exponentially as the overall herbaceous production of the sites has 
significantly increased.  In the fall of 2006, Ffolliott et al. (2011) measured the 
herbaceous production of the moderate and high sites at approximately 50 and 
300 lbs/acre respectively (Figure 24).  In 2011, the moderate and high sites fall 
production was 126.67 and 757.45 lbs/acre respectively.  It is also worth noting 
that 2011 had lower precipitation levels than the 2002-2006 average of Dr. 
Ffolliott’s study; aside from the July 2011 month prior to sampling (Figure 3).  
This increase in site productivity is significant and merits more investigation and 
future research to determine how and when this increase occurs.  It would also be 
very useful to quantify how dependent herbaceous production is on precipitation, 
so as to isolate the precipitation variable for future analysis and comparisons.    
It is important to recognize that the amount of herbaceous production on 
the sites was truly a direct relationship to how much precipitation the sites 
received.  It is safe to assume that these two independent, yet close in proximity, 
sites received the same amount of rainfall and therefore we can look at these 
averages as they compare to one another.  The difference in the averages is a more 
telling story than the averages used on a numerical scale of production (Figure 
25).  This data tells us that while the moderate plot has continued to increase in 
production from 2002 (less than 30 lbs/acre to 127 lbs/acre), the high site has 
increased exponentially (over 30 lbs/acre to 757 lbs/acre).  This change is 
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significant and merits further investigation to understand the path of herbaceous 
production and whether it has leveled out or is continuing to climb.   
 
Figure 24. Fall Herbaceous Production 
Fall estimates of average herbaceous production from 2002 – 2006 
(Ffolliott et al. 2011) and in 2011.  The 2002 – 2006 numbers come from 
visual estimations of Figure 9 in Ffolliott et al. 2011. * Indicates a 
chronological skip. 
 
 
Figure 25. The Difference in Fall Herbaceous Production 
The difference in fall estimates of average herbaceous production from 
2002 – 2006 (Ffolliott et al. 2011) and 2011; highlighting the difference in 
the production of the plots to account for precipitation variability.  The 
2002 – 2006 numbers come from visual estimations of Figure 9 in Ffolliott 
et al. 2011.  * Indicates a chronological skip. 
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Tree Density 
Of the saplings, only ponderosa pines were found to have no significant 
differences between the moderate site and the high site.  This is incredibly 
interesting as one of the primary concerns of the community and local land 
managers regarding post fire recovery is that the severely burned areas will never 
return from meadows to a ponderosa pine forest; especially along the Mogollon 
Rim where some of these forests sit on transition zones between pinon-juniper 
and ponderosa pine dominance.  However, this data suggests that ponderosa pine 
saplings can return to the burned areas given enough time and an adequate seed 
source within close proximity.  More long term research is needed to determine 
what factors affect the natural regeneration of ponderosa pine following a fire.  
Visual observations of the Rodeo-Chediski Fire burned area showed that the 
ponderosa pine saplings flourished in canopy openings of direct sunlight created 
by the fire; assuming there were other ponderosa pines nearby to serve as a seed 
bank.  The moderate site had one plot that had over 102 saplings in it as a result of 
an open canopy created by the fire.   
It is interesting, but also somewhat expected, that the high site had 
significantly higher mean densities of juniper and oak saplings.  However, these 
saplings as of yet, had not established enough to grow into larger individuals as 
the sites had no significant differences in the means or proportions of the larger 
juniper and oak individuals. 
The rest of the ponderosa pine tree classes (<6”, 6-11”, 12-19”, 20”+) 
were found to be statistically different between the sites.  This is understandable 
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as the high site not only had complete mortality of the trees following the fire, but 
it was also salvage logged in 2006.  These same size classes were found to have 
no statistical differences between juniper and oak across both sites.  This is 
somewhat expected as both of these species are relatively fast growers, so the 
high site trees would recover quickly, but also rarely get very large.  It would 
have been useful to use more species-specific size classes instead of the timber 
industry size categories for this non-mercantile timber.  Juniper and oak have 
different growth patterns than ponderosa pine and tend to grow in asymmetrical 
rings and bunches instead of one main trunk.  These species could have been 
better distinguished and analyzed if I had set up size categories that fit their 
smaller diameter growth patterns instead of lumping them in with the larger 
timber categories.  None the less, as in the case with Fendler’s ceanothus, visually 
there appeared to be significantly more juniper and oak on the high site, but this 
data shows that the means were not statistically different.  It is also interesting to 
point out that several of these larger individuals came from resprouting and not 
from seedlings.  This indicates that they were present at the time of the fire, or 
shortly after during the salvage logging treatments.  
Chi-square and z-test analysis was done to determine proportional 
relationships between the species and their size classes.  A chi-square analysis of 
the total number of trees by species between the sites revealed that significantly 
higher proportions of ponderosa pines were found on the moderate site while 
significantly higher proportions of juniper and oak were found on the high site.  
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This again is explained by the high mortality and salvage logging done on the 
high site.   
A second stage of chi-square analysis between the size classes showed that 
ponderosa pine had significant proportional relationships within the five size 
classes while juniper and oak did not.  Ponderosa pine was significantly 
proportionally different between the sites but juniper and oak were not 
significantly different.  This confirmed the mean density test results that although 
visual observations showed more juniper and oak on the high site, the sites were 
actually not statistically proportionally significant.  There were more juniper and 
oak individuals on the high site, but both the means and the proportions of these 
species were not statistically significant between the sites. 
 Z-tests of the ponderosa pine size classes on each site during the third 
stage of analysis showed that there were proportionally higher ponderosa pine 
saplings on the high site than on the moderate.  The remaining size categories 
(<6”, 6-11”, 12-19”, 20”+) were proportionally higher on the moderate site.  It is 
interesting that the high site showed no statistical differences in the mean number 
of ponderosa pine saplings as well as a statistically higher proportion of saplings 
than the moderate site.  This could be related to the earlier observed phenomenon 
of open canopy and an increase in sapling production.  This is an area of interest 
that would merit future research to determine some of the defining characteristics 
of ponderosa pine regeneration. 
Dr. Ffolliott suggested that the high severity burn site would not return to 
a ponderosa pine dominated forest or that the moderately burned site would not 
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sustain its ponderosa pine dominated forest without significant and costly 
reseeding or other revegetation treatments (Ffolliott et al. 2011, Ffolliott et al. 
2008).  While it is true that these treatments may certainly speed the forest 
recovery along, we cannot be sure that this is the most efficient or cost effective 
method of recovery.  This longer term data shows that in this circumstance, time 
was substituted for revegetation treatments and is proving to be effective in 
maintaining and re-establishing the ponderosa pines.  The mean and proportion 
ponderosa pine sapling data suggests that the moderately burned area will 
certainly retain its dominant ponderosa pine forest and that the highly burned site 
could eventually return from a meadow to a pine dominated community; if given 
enough time.  It is also highly possible that the moderately burned site needs to be 
burned again to thin out saplings (one plot alone had 102 saplings), promote 
natural pruning in the living ponderosa pine, remove the litter, duff and woody 
material from the ground, and cycle nutrients to promote herbaceous vegetation 
growth (Covington, 1997).   
A typical ponderosa pine wildfire regime generally consists of high 
frequency, low intensity fires of mixed severities in a mosaic pattern.  The pre-
settlement fire return interval is estimated to be between 2-8 years for small fires 
and 2-20 years for large widespread fires (Fulé 1997, Swetnam and Baisan 1996). 
These fires historically played an integral part in thinning out the forests.  Mast et 
al. (1999) stated that in 1876, the year before European settlement in the 
Southwest, there were approximately 60 trees / ha or 148.26 trees / ac.  In 1977, 
on these exact sites, Ffolliott et al. estimated that there were approximately 109.22 
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trees / ac.  In this study (2011), following a significant reduction in the number of 
living trees after the fire (Ffolliott et al. 2011), we found that the moderate site 
still had approximately 3,301.72 trees / ac and the high site had approximately 
1528.98 trees / ac (Table 7).   
Table 7. Trees Per Acre Comparison 
A compilation of the average number of trees per acre in 1876 (Mast et al. 
1999), 1977 (Ffolliott et al. 1977) and in 2011.  It is important to 
recognize that these figures cannot be directly compared due to differing 
sampling techniques and sampling designs, but even the loose 
interpretation of these numbers is staggering. 
  Pine Juniper Oak Total 
1876 
 
    148.26 
1977 98.04 2.84 8.34 109.22 
2011 Moderate 2945.85 32.95 322.92 3301.72 
2011 High 349.28 171.35 1008.31 1528.94 
 
This is significantly higher than what many would consider a healthy 
forest.  It is important to recognize that these numbers cannot be directly 
compared as they were measured using different techniques and for different 
purposes.  However, even loosely considered, these numbers are sobering when 
considering our forest’s current fuel loadings and overall system health.  These 
numbers also give strong evidence, to the possibility that these ecosystems are 
more resilient and more dynamic than we think.  Although the Rodeo-Chediski 
fire burned the high severity site completely, consuming all biological material on 
the site, the high site in many regards is currently in better condition than the 
moderate site.  It has more understory production and much lower levels of fuel 
loading.  The moderate site has large amounts of litter and duff, low amounts of 
herbaceous production as well as areas of significant tree crowding.  The 
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moderate site is still at a high risk for a catastrophic wildfire; especially since the 
sites have already missed at least one fire return interval (2-8 years) since the 
Rodeo-Chediski fire.  Only ten years following the Rodeo-Chediski fire, we can 
already see that the high site is recovering and in many ways is in better position 
for future regeneration and regrowth of a healthy forest structure. 
Although the people of the area may not want another fire in their forests, 
especially following the 2011 Wallow Fire, frequent fire events are one of the 
surest, most biologically beneficial and most economical ways of keeping their 
forests healthy and their homes protected. 
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CONCLUSIONS 
Nearly 10 years after the Rodeo-Chediski Fire, fire severity still has an 
impact on the recovery of the ecosystem.  The moderate severity burn site has a 
predominantly closed canopy, significantly more ponderosa pine trees, more litter 
and duff, less herbaceous production and is at a high risk for a catastrophic 
wildfire.  The high severity burn site has an open canopy, significantly less 
ponderosa pine trees, less litter and duff and significantly more, nearly 6 times 
more, herbaceous production.  However, there was not a significant difference in 
the mean of the ponderosa pine saplings between the two sites.  Ponderosa pine 
saplings were actually proportionally higher on the high site.  There was not a 
significant statistical difference between the proportions of juniper or oak found 
on the sites.   
This is somewhat unexpected, and quite informative; as projections from 
earlier studies, and “common knowledge”, would say that the high severity burn 
site would not recover, nor be able to overcome, the juniper and oak 
encroachment preventing it from returning to a ponderosa pine dominated 
community.  Juniper and oak encroachment is still possible as the high site had 
significantly higher means of juniper and oak saplings than the moderate site.  
However, the larger juniper and oak individuals were not statistically different 
between the sites.  Time will tell if the increased juniper and oak saplings will 
materialize into a larger species presence and overtake the ponderosa pines; and it 
is interesting that they have not done so thus far.  This data suggests that with 
time, the high severity site may return from a meadow to a ponderosa pine forest 
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suggesting that these ecosystems are more resilient and dynamic than we may 
think.   
Understanding that no single method will work for post fire recovery and 
that each area and situation must be handled on a site specific basis, this data does 
contribute to the growing question of how best to deal with post fire forest 
reconstruction.  The probability that these ecosystems are more resilient and 
dynamic than previously expected opens up more possibilities in management 
scenarios and introduces several questions about how to best care for our forests.  
Questions such as: What, if any, are the best and most effective immediate post 
fire rehabilitation techniques?  Is salvage logging beneficial?  Is reseeding 
effective?  What techniques are the most effective and least harmful?  Is it better 
to prepare our communities against post fire floods as we do against fire and let 
nature govern the ecosystem recovery?  Additionally, if large fires are going to 
continue to happen, how do we regrow a forest out of the ashes?  Are 
anthropogenic influences better than biological ones?   
These questions become incredibly important as there is a wide feeling 
among the Southwestern fire management community that we will not get ahead 
of the large scale fires; either for ecological or political reasons.  Understanding 
how the ecological system recovers, and what aspects of the recovery we can 
effectively control, will help us determine how to build new forests, either by 
sitting idle or intervening in the recovery process.   
This study does not answer all or even part of some of these questions.  
There are several variables in this study that were not isolated or controlled; it was 
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an observational study.  Furthermore, each fire, each area, even each watershed is 
going to be site specific and need site specific post fire treatments.  But this study 
does validate some of the questions concerning post fire recovery and hopefully 
adds to the conversation of how to reconstruct our forests post fire.  This 
information is vital as we prepare to recover from the increasing number of large 
scale fires, which have happened, and are going to continue happening. 
 
Future Research & Management Implications 
 Because of the prior studies done on these sites, both before and after the 
fire, they provide a unique opportunity to study the effects of fire severity on long 
term post fire vegetation recovery.  It is my hope that these sites will be revisited 
every 5 to 10 years for continued monitoring.  Continued long-term monitoring of 
post fire recovery is vital in helping us understand the lasting impacts of differing 
wildfire severities on ecosystem recovery; specifically herbaceous production and 
tree regeneration and density.   
Understanding how fire severity affects these areas and then knowing the 
possible expected recovery stages will help public land managers, policy makers 
and private land owners decide how to best use their valuable resources: time, 
manpower and money.  Some rehabilitation methods are absolutely vital 
following a fire: those that will protect life, property and habitat.  However, some 
of our long term goals of forest health may be better served if we were to allocate 
less of our limited resources to fire suppression and expensive, but inefficient, 
post fire rehabilitation treatments.  This is a difficult step to take, especially since 
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our forests are primed, both politically and biologically, for large scale 
catastrophic fires.   
Determining an appropriate recovery plan that strikes a balance between 
time and money is always a challenge.  However, this study poses the question 
that we could possibly substitute time for money; even in nature, time can heal 
most wounds.  Instead of trying to recover the pre-fire landscape immediately 
after a fire with expensive but often ineffective treatments, we could allow the 
landscape, whenever possible, the time needed to naturally recover; although this 
may not be to the same pre-fire condition.  The expected onslaught of large scale 
fires could help us begin to set new fire regimes in areas that have long gone 
without flames.  Bridging the gap between reactive fire management and 
proactive forest health will be difficult and must be done on a forest by forest, fire 
by fire, watershed by watershed basis.  These steps have already begun and 
hopefully this study will provide further illumination along the way.   
Understanding the recovery of an ecosystem from a moderate severity 
burn or a high severity burn is important as managers, private land owners and 
policy makers set prescribe burn treatments, determine fire prevention methods, 
decide on appropriate post-fire rehabilitation treatments, set post-fire recovery 
goals, write fire policy and other management practices and principles.  Hopefully 
this study will help stakeholders and civilians understand the natural and 
necessary place wildland fire holds within the Southwestern ponderosa pine 
ecosystem and therefore allow us to make the most informed and all-important 
decisions in the future. 
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APPENDIX A  
LIST OF SPECIES PRESENT ON THE MODERATE SEVERITY BURN SITE 
AND THE HIGH SEVERITY BURN SITE  
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Moderate Severity Burn Site Species List 
 
Scientific Name Common Name 
1 Achillea millefolium va. cccidentalis common/western yarrow 
2 Agoseris parviflora false agoseris 
3 Antennaria parvifolia rocky mountain pussytoes 
4 Aristida purpurea purple threeawn 
5 Asclepias humistrata milkweed 
6 Bouteloua gracilis blue grama 
7 Bromus carinatus Arizona brome 
8 Bromus tectorum cheat grass 
9 Castilleja lanata woolly indian paintbrush 
10 Ceanothus fendleri Fendler's ceanothus 
11 Chimaphila umbellata ground holy/pipsissewa 
12 Cirsium ochrocentrum bull thistle 
13 Cologania angustifolia cologania 
14 Commelina dianthifolia birdbill dayflower 
15 cryptantha angustifolia narrowleaf popcornflower 
16 Cyperus fendlerianus Fendler's flatsedge 
17 Dactylis glomerata orchard grass 
18 Dalea albiflora scuffy prairie clover 
19 Echeandia flavescens Torrey's craglily 
20 Elymus elymoides squirreltail 
21 Erigeron divergens spreading fleabane 
22 Erigeron formosissimus princely daisy 
23 Eriogonum racemosum redroot eriogonum 
24 Gaura hexandra slender gaura 
25 Geranium caespitosum pineywoods geranium 
26 Hedeoma hyssopifolium mock pennyroyal 
27 Heliomeris multiflora showy goldeneye 
28 Juniperus deppeana alligator juniper 
29 Koeleria macrantha june grass 
30 Lepidium densiflorum common pepperweed 
31 Lotus wrightii Wright's deervetch 
32 Lupinus argenteus silverstem lupine 
33 Mariscus fendlerianus Fendler's flatsedge 
34 Muhlenbergia montana mountain muhly 
35 Muhlenbergia rigens deer grass 
36 Plantago patagonica woolly plantain 
37 Poa pratensis Kentucky bluegrass 
38 Poa secunda sandberg bluegrass 
39 Pseudocymopterus montanus mountain parsley 
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40 Quercus gambelii gambel oak 
41 Ranunculus macounii Macoun's buttercup 
42 Senceio spp. 
 43 Silene laciniata cardinal catchfly 
44 Townsendia formosa tower daisy 
45 Tradescantia occidentalis western/prairie spiderwort 
46 Verbascum thapsus mullein 
47 Verbena Macdougalil Macdougal verbena 
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High Severity Burn Site Species List 
 
Scientific Name Common Name 
1 Achillea millefolium va. cccidentalis common/western yarrow 
2 Agoseris parviflora false agoseris 
3 Ambrosia psilostachya Cuman ragweed 
4 Antennaria parvifolia rocky mountain pussytoes 
5 Aristida purpurea purple threeawn 
6 Asclepias asperula spider milkweed 
7 Asclepias humistrata milkeweed 
8 Bouteloua gracilis blue grama 
9 Bromus carinatus Arizona brome 
10 Bromus tectorum cheat grass 
11 Carex spp. sedge 
12 Castilleja lanata woolly indian paintbrush 
13 Ceanothus fendleri Fendler's ceanothus 
14 Chimaphila umbellata ground holy/pipsissewa 
15 Commelina dianthifolia birdbill dayflower 
16 Cyperus fendlerianus Fendler's flatsedge 
17 Dactylis glomerata orchard grass 
18 Echeandia flavescens Torrey's craglily 
19 Elymus elymoides squirreltail 
20 Erigeron divergens spreading fleabane 
21 Erigeron flagellari trailing fleabane 
22 Erigeron flagellaris trailing fleabane 
23 Erigeron formosissimus princely daisy 
24 Eriogonum alatum winged eriogonum 
25 Eriogonum racemosum redroot eriogonum 
26 Gaura hexandra slender gaura 
27 Geranium caespitosum pineywoods geranium 
28 Hedeoma hyssopifolium mock pennyroyal 
29 Heliomeris multiflora var. nevadensis Nevada goldeneye 
30 Juncus sp. rush 
31 Koeleria macrantha june grass 
32 Lepidium densiflorum common pepperweed 
33 Lotus wrightii Wright's deervetch 
34 Mariscus fendlerianus Fendler's flatsedge 
35 Melilotus albus white sweet clover 
36 Melilotus officinalis yellow sweet clover 
37 Mentha arvensis wild mint 
38 Monarda fistulosa wild bergamot 
39 Muhlenbergia montana mountain muhly 
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40 Muhlenbergia rigens deer grass 
41 Nuttallanthus texanus Texas toadflax 
42 Plantago patagonica woolly plantain 
43 Poa pratensis Kentucky bluegrass 
44 Poa secunda sandberg bluegrass 
45 Pseudocymopterus montanus mountain parsley 
46 Quercus gambelii gambel oak 
47 Senecio spp. 
 48 Silene laciniata cardinal catchfly 
49 
Solidago missouriensis (or 
multiradiata or sparsiflora) 
Missouri, alpine or sparse-flowered 
goldenrod 
50 Taraxacum officinale common dandelion 
51 Tradescantia occidentalis western/prairie spiderwort 
52 Tragopogon dubius yellow salsify 
53 Valeriana arizonica Arizona valerian 
54 Verbascum thapsus mullein 
55 Verbena Macdougalil Macdougal verbena 
56 Vicia americana American purple vetch 
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